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FAST ACQUISITION OF TRAFFIC 
CHANNELS FOR A HIGHLY VARIABLE 
DATA RATE REVERSE LINK OF A CDMA 
WIRELESS COMMUNICATION SYSTEM 

RELATED APPLICATIONS 

This application is a continuation-in-part of US. appli 
cation Ser. No. 09/088,413 ?led Jun. 1, 1998 entitled “Fast 
Acquisition of Traf?c Channels for a Highly Variable Data 
Rate Reverse Link of a CDMA Wireless Communication 
System,” Which itself is related to a prior pending US. 
patent application Ser. No. 08/992,760 ?led Dec. 17, 1997 
entitled “Dynamic BandWidth Allocation to Transmit a 
Wireless Protocol Across a Code Division Multiple Access 
(CDMA) Radio Link” and a prior pending US. patent 
application Ser. No. 08/992,759 ?led Dec. 17, 1997 entitled 
“Protocol Conversion and BandWidth Reduction Technique 
Providing Multiple nB+D ISDN Basic Rate Interface Links 
Over a Wireless Code Division Multiple Access Communi 
cation System,” and a prior pending US. patent application 
Ser. No. 09/030,049 ?led Feb. 24, 1998 entitled “Dynamic 
Frame SiZe Adjustment and Selective Reject On a Multi 
Link Channel to Improve Effective Throughput and Bit 
Error Rate,” each of Which are assigned to the assignee of 
the present invention and all four of Which are hereby 
incorporated by reference in their entirety. 

BACKGROUND OF THE INVENTION 

The increasing use of Wireless telephones and personal 
computers has led to a corresponding demand for advanced 
telecommunication services that Were once thought to only 
be meant for use in specialiZed applications. In the 1980’s, 
Wireless voice communication became Widely available 
through the cellular telephone netWork. Such services Were 
at ?rst typically considered to be the exclusive province of 
the businessman because of expected high subscriber costs. 
The same Was also true for access to remotely distributed 
computer netWorks, Whereby until very recently, only busi 
ness people and large institutions could afford the necessary 
computers and Wireline access equipment. As a result of the 
Widespread availability of both technologies, the general 
population noW increasingly Wishes to not only have access 
to netWorks such as the Internet and private intranets, but 
also to access such netWorks in a Wireless fashion as Well. 
This is particularly of concern for the users of portable 
computers, laptop computers, hand-held personal digital 
assistants and the like Who Would prefer to access such 
netWorks Without being tethered to a telephone line. 

There still is no Widely available satisfactory solution for 
providing loW cost, high speed access to the Internet, private 
intranets, and other netWorks using the existing Wireless 
infrastructure. This situation is most likely an artifact of 
several unfortunate circumstances. For one, the typical man 
ner of providing high speed data service in the business 
environment over the Wireline netWork is not readily adapt 
able to the voice grade service available in most homes or 
of?ces. Such standard high speed data services also do not 
lend themselves Well to ef?cient transmission over standard 
cellular Wireless handsets. Furthermore, the existing cellular 
netWork Was originally designed only to deliver voice ser 
vices. As a result, the emphasis in present day digital 
Wireless communication schemes lies With voice, although 
certain schemes such as CDMA do provide some measure of 
asymmetrical behavior for the accommodation of data trans 
mission. For example, the data rate on an IS-95 forWard 
traf?c channel can be adjusted in increments from 1.2 kbps 
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2 
up to 9.6 kbps for so-called Rate Set 1 and in for increments 
from 1.8 kbps up to 14.4 kbps for Rate Set 2. On the reverse 
link traf?c channel, hoWever, the data rate is ?xed at 4.8 
kbps. 

Existing systems therefore typically provide a radio chan 
nel Which can accommodate maximum data rates only in the 
range of 14.4 kilobits per second (kbps) at best in the 
forWard direction. Such a loW data rate channel does not 
lend itself directly to transmitting data at rates of 28.8 or 
even 56.6 kbps that are noW commonly available using 
inexpensive Wireline modems, not to mention even higher 
rates such as the 128 kbps Which are available With Inte 
grated Services Digital NetWork (ISDN) type equipment. 
Data rates at these levels are rapidly becoming the minimum 
acceptable rates for activities such as broWsing Web pages. 
Other types of data netWorks using higher speed building 
blocks such as Digital Subscriber Line (xDSL) service are 
just noW coming into use in the United States. HoWever, 
their costs have only been recently reduced to the point 
Where they are attractive to the residential customer. 

Although such netWorks Were knoWn at the time that 
cellular systems Were originally deployed, for the most part, 
there is no provision for providing higher speed ISDN- or 
xDSL-grade data services over cellular netWork topologies. 
Unfortunately, in Wireless environments, access to channels 
by multiple subscribers is expensive and there is competition 
for them. Whether the multiple access is provided by the 
traditional Frequency Division Multiple Access (FDMA) 
using analog modulation on a group of radio carriers, or by 
neWer digital modulation schemes the permit sharing of a 
radio carrier using Time Division Multiple Access (TDMA) 
or Code Division Multiple Access (CDMA), the nature of 
the radio spectrum is that it is a medium that is expected to 
be shared. This is quite dissimilar to the traditional envi 
ronment for data transmission, in Which the Wireline 
medium is relatively inexpensive to obtain, and is therefore 
not typically intended to be shared. 

Other considerations are the characteristics of the data 
itself. For example, consider that access to Web pages in 
general is burst-oriented, With asymmetrical data rate trans 
mission requirements. In particular, the user of a remote 
client computer ?rst speci?es the address of a Web page to 
a broWser program. The broWser program then sends this 
Web page address data, Which is typically 100 bytes or less 
in length, over the netWork to a server computer. The server 
computer then responds With the content of the requested 
Web page, Which may include anyWhere from 10 kilobytes 
to several megabytes of text, image, audio, or even video 
data. The user then may spend at least several seconds or 
even several minutes reading the content of the page before 
requesting that another page be doWnloaded. Therefore, the 
required forWard channel data rates, that is, from the base 
station to the subscriber, are typically many times greater 
than the required reverse channel data rates. 

In an of?ce environment, the nature of most employees’ 
computer Work habits is typically to check a feW Web pages 
and then to do something else for extended period of time, 
such as to access locally stored data or to even stop using the 
computer altogether. Therefore, even though such users may 
expect to remain connected to the Internet or private intranet 
continuously during an entire day, the actual overall nature 
of the need to support a required data transfer activity to and 
from a particular subscriber unit is actually quite sporadic. 

SUMMARY OF THE INVENTION 
Problem Statement 
What is needed is an ef?cient scheme for supporting 

Wireless data communication such as from portable com 
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puters to computer networks such as the Internet and private 
intranets using Widely available infrastructure. 
Unfortunately, even the most modern Wireless standards in 
Widespread use such as CDMA do not provide adequate 
structure for supporting the most common activities, such as 
Web page broWsing. In the forWard link direction, the 
maximum available channel bandWidth in an IS-95 type 
CDMA system is only 14.4 kbps. In the reverse link 
direction, data rates are ?xed at 4.8 kbps, meaning that it is 
possible to support only about 100 subscribers at the same 
time on a 1.25 MHZ bandWidth radio frequency carrier 
signal. 

In addition, the existing CDMA system requires certain 
operations before a channel can be used. Both access and 
traf?c channels are non-coherently modulated by so-called 
long code pseudonoise (PN) sequences; therefore, in order 
for the receiver to Work properly it must ?rst be synchro 
niZed With the transmitter. The setting up and tearing doWn 
of channels therefore requires overhead to perform such 
synchroniZation. This overhead results in a noticeable delay 
to the user of the subscriber unit. 

The sharing of channels in both the forWard and reverse 
link directions is therefore an attractive option, especially 
With the ease of obtaining multiple access With CDMA; 
additional users can be supported by simply adding addi 
tional codes or code phases. Ideally, this subchannel over 
head Would be minimiZed so that When additional subchan 
nels need to be allocated to a connection, they are available 
as rapidly as possible. 

It is therefore advantageous to provide the sub-channels in 
such a Way that the loWest possible speed connection is 
provided on a reverse link While at the same time maintain 
ing efficient and fast ramp-up of additional code phase 
channels on demand. This in turn Would maximiZe the 
number of available connections While minimiZing the 
impact on the overall system capacity. 

BRIEF DESCRIPTION OF THE INVENTION 

The present invention is a service option overlay for a 
CDMA Wireless communication system Which accom 
plishes the above requirements. In particular, a number of 
subchannels for a forWard link are de?ned Within a single 
CDMA radio channel bandWidth, such as by assigning 
different orthogonal codes to each sub-channel. Multiple 
subchannels are de?ned on the reverse link by assigning 
different code phases of a given long pseudonoise (PN) code 
to each subchannel. The instantaneous bandWidth needs of 
each on-line subscriber unit are then met by dynamically 
allocating none, one, or multiple subchannels on an as 
needed basis for each netWork layer connection. 
More particularly, the present invention ef?ciently pro 

vides a relatively large number of virtual physical connec 
tions betWeen the subscriber units and the base stations on 
the reverse link for extended idle periods such as When 
computers connected to the subscriber units are poWered on, 
but not presently actively sending or receiving data. These 
maintenance subchannels permit the base station and the 
subscriber units to remain in phase and time synchronism. 
This in turn alloWs fast acquisition of additional subchannels 
as needed by allocating neW code phase subchannels. 
Preferably, the code phases of the neW channels are assigned 
according to a predetermined code phase relationship With 
respect to the code phase of the corresponding maintenance 
subchannel. 

In an idle mode, the subscriber unit sends a synchroni 
Zation or “heartbeat” message on the maintenance subchan 
nel at a data rate Which need only be fast enough to alloW the 
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4 
subscriber unit to maintain synchroniZation With the base 
station. The duration of the heartbeat signal is determined by 
considering the capture or locking range of the code phase 
locking circuits in the receiver at the base station. 

For example, the receiver typically has a PN code corr 
elator running at the code chip rate. One example of such a 
code correlator uses a delay lock loop consisting of an 
early-late detector. Aloop ?lter controls the bandWidth of the 
loop Which in turn determines hoW long the code correlator 
must be alloWed to operate before it can guarantee phase 
lock. This loop time constant determines the amount of 
“jitter” that can be tolerated; phase lock is typically consid 
ered to be maintainable When this is equal to a fraction of a 
chip time, such as about Vs of a chip time. 
The heartbeat messages are preferably sent in time slots 

formed on the subchannels de?ned by the code phases. The 
use of time slotting alloWs a minimum number of dedicated 
base station receivers to maintain the idle reverse links. In 
particular, the reverse channel links are provided using 
multiple phases of the same long code as Well as by 
assigning a time slot on such code to each subscriber unit. 
This reduces the overhead of maintaining a large number of 
connections at the base station. 

Because of the time slotted nature of the reverse channel, 
the base station receiver can also be time shared among the 
various reverse links. To permit this, during each time slot 
allocated to a particular subscriber unit, the base station 
receiver ?rst loads information concerning the last knoWn 
state of its phase lock such as the last knoWn state of 
early-late correlators. It then trains the early-late correlators 
for the required time to ensure that phase lock is still valid, 
and stores the state of the correlators at the end of the time 
slot. 
When additional subchannels are required to meet band 

Width demand, the additional code phases are assigned in a 
predetermined phase relationship With respect to the locked 
code in order to minimiZe overhead transmissions Which 
Would otherWise be needed from the base station traf?c 
channel processor. As a result, many thousands of idle 
subscriber units may be supported on a single CDMA 
reverse link radio channel While at the same time minimiZ 
ing start up delay When channels must be allocated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advantages 
of the invention Will be apparent from the folloWing more 
particular description of preferred embodiments of the 
invention, as illustrated in the accompanying draWings in 
Which like reference characters refer to the same parts 
throughout the different vieWs. 

FIG. 1 is a block diagram of a Wireless communication 
system making use of a bandWidth management scheme 
according to the invention. 

FIG. 2 is a diagram shoWing hoW subchannels are 
assigned Within a given radio forWard link frequency (RF) 
channel. 

FIG. 3 is a diagram shoWing hoW subchannels are 
assigned Within a given reverse link RF channel. 

FIG. 4 is a state diagram for a reverse link bandWidth 
management function in the subscriber unit; and 

FIG. 5 is a state diagram of the reverse link bandWidth 
management function in the base station. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Turning attention noW to the draWings more particularly, 
FIG. 1 is a block diagram of a system 100 for providing high 
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speed data and voice service over a Wireless connection by 
seamlessly integrating a digital data protocol such as, for 
example, Integrated Services Digital Network (ISDN) With 
a digitally modulated Wireless service such as Code Division 
Multiple Access (CDMA). 

The system 100 consists of tWo different types of 
components, including subscriber units 101-1, 101-2, . . . , 

101-u (collectively, the subscriber units 101) and one or 
more base stations 170. The subscriber units 101 and base 
stations 170 cooperate to provide the functions necessary in 
order to provide Wireless data services to a portable com 
puting device 110 such as a laptop computer, portable 
computer, personal digital assistant (PDA) or the like. The 
base station 170 also cooperates With the subscriber units 
101 to permit the ultimate transmission of data to and from 
the subscriber unit and the Public SWitched Telephone 
Network (PSTN) 180. 
More particularly, data and/or voice services are also 

provided by the subscriber unit 101 to the portable computer 
110 as Well as one or more other devices such as telephones 

112-1, 112-2 (collectively referred to herein as telephones 
112). The telephones 112 themselves may in turn be con 
nected to other modems and computers Which are not shoWn 
in FIG. 1. In the usual parlance of ISDN, the portable 
computer 110 and telephones 112 are referred to as terminal 
equipment The subscriber unit 101 provides the func 
tions referred to as a netWork termination type 1 (NT-1). The 
illustrated subscriber unit 101 is in particular meant to 
operate With a so-called basic rate interface (BRI) type 
ISDN connection that provides tWo bearer or “B” channels 
and a single data or “D” channel With the usual designation 
being 2B+D. 

The subscriber unit 101 itself consists of an ISDN modem 
120, a device referred to herein as the protocol converter 130 
that performs the various functions according to the inven 
tion including spoo?ng 132 and bandWidth management 
134, a CDMA transceiver 140, and subscriber unit antenna 
150. The various components of the subscriber unit 101 may 
be realiZed in discrete devices or as an integrated unit. For 
eXample, an eXisting conventional ISDN modem 120 such 
as is readily available from any number of manufacturers 
may be used together With eXisting CDMA transceivers 140. 
In this case, the unique functions are provided entirely by the 
protocol converter 130 Which may be sold as a separate 
device. Alternatively, the ISDN modem 120, protocol con 
verter 130, and CDMA transceiver 140 may be integrated as 
a complete unit and sold as a single subscriber unit device 
101. Other types of interface connections such as Ethernet or 
PCMCIA may be used to connect the computing device to 
the protocol converter 130. 

The ISDN modem 120 converts data and voice signals 
betWeen the terminal equipment 110 and 112 to format 
required by the standard ISDN “U” interface. The U inter 
face is a reference point in ISDN systems that designates a 
point of the connection betWeen the netWork termination 
(NT) and the telephone company. 

The protocol converter 130 performs spoo?ng 132 and 
basic bandWidth management 134 functions. In general, 
spoo?ng 132 consists of insuring that the subscriber unit 101 
appears to the terminal equipment 110, 112 that is connected 
to the public sWitched telephone netWork 180 on the other 
side of the base station 170 at all times. The bandWidth 
management function 134 is responsible for allocating and 
deallocating CDMA radio channels 160 as required. Band 
Width management 134 also includes the dynamic manage 
ment of the bandWidth allocated to a given session by 
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6 
dynamically assigning sub-portions of the CDMA radio 
channels 160 in a manner Which is more fully described 
beloW. 

The CDMA transceiver 140 accepts the data from the 
protocol converter 130 and reformats this data in appropriate 
form for transmission through a subscriber unit antenna 150 
over CDMA radio link 160-1. The CDMA transceiver 140 
may operate over only a single 1.25 MHZ radio frequency 
channel or, alternatively, in a preferred embodiment, may be 
tunable over multiple allocatable radio frequency channels. 
CDMA signal transmissions are then received and pro 

cessed by the base station equipment 170. The base station 
equipment 170 typically consists of multichannel antennas 
171, multiple CDMA transceivers 172, and a bandWidth 
management functionality 174. BandWidth management 174 
controls the allocation of CDMA radio channels 160 and 
subchannels, in a manner analogous to the subscriber unit 
101. The base station 170 then couples the demodulated 
radio signals to the Public SWitch Telephone NetWork 
(PSTN) 180 in a manner Which is Well knoWn in the art. For 
eXample, the base station 170 may communicate With the 
PSTN 180 over any number of different ef?cient commu 
nication protocols such as primary rate ISDN, or other 
LAPD based protocols such as IS-634 or V5.2. 

It should also be understood that data signals travel 
bidirectionally across the CDMA radio channels 160. In 
other Words, data signals received from the PSTN 180 are 
coupled to the portable computer 110 in a forWard link 
direction, and data signals originating at the portable com 
puter 110 are coupled to the PSTN 180 in a so-called reverse 
link direction. The present invention involves in particular 
the manner of implementing the reverse link channels. 

Continuing to refer to FIG. 1 brie?y, spoo?ng 134 there 
fore involves having the CDMA transceiver 140 loop back 
these synchronous data bits over the ISDN communication 
path to spoof the terminal equipment 110, 112 into believing 
that a suf?ciently Wide Wireless communication link 160 is 
continuously available. HoWever, only When there is actu 
ally data present from the terminal equipment to the Wireless 
transceiver 140 is Wireless bandWidth allocated. Therefore, 
the netWork layer need not allocate the assigned Wireless 
bandWidth for the entirety of the communications session. 
That is, When data is not being presented upon the terminal 
equipment to the netWork equipment, the bandWidth man 
agement function 134 deallocates initially assigned radio 
channel bandWidth 160 and makes it available for another 
transceiver and another subscriber unit 101. 

In order to better understand hoW bandWidth management 
134 and 174 accomplish the dynamic allocation of radio 
channels, turn attention noW to FIG. 2. This ?gure illustrates 
one possible frequency plan for the Wireless links 160 
according to the invention. In particular, a typical transceiver 
170 can be tuned on command to any 1.25 MHZ channel 
Within a much larger bandWidth, such as up to 30 MHZ. In 
the case of location in an existing cellular radio frequency 
bands, these bandWidths are typically made available in the 
range of from 800 to 900 MHZ. For personal communication 
systems (PCS) type Wireless systems, the bandWidth is 
typically allocated in the range from about 1.8 to 2.0 
GigaHertZ (GHZ). In addition, there are typically tWo match 
ing bands active simultaneously, separated by a guard band, 
such as 80 MHZ; the tWo matching bands form forWard and 
reverse full dupleX link. 

Each of the CDMA transceivers, such as transceiver 140 
in the subscriber unit 101, and transceivers 172 in the base 
station 170, are capable of being tuned at any given point in 
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time to a given 1.25 MHZ radio frequency channel. It is 
generally understood that such 1.25 MHZ radio frequency 
carrier provides, at best, a total equivalent of about 500 to 
600 kbps maximum data rate transmission Within acceptable 
bit error rate limitations. 

In contrast to this, the present invention subdivides the 
available approximately 500 to 600 kbps data rate into a 
relatively large number of subchannels. In the illustrated 
example, the bandWidth is divided into sixty-four (64) 
subchannels 300, each providing an 8 kbps data rate. A given 
subchannel 300 is physically implemented by encoding a 
transmission With one of a number of different assignable 
pseudorandom codes. For example, the 64 subchannels 300 
may be de?ned Within a single CDMA RF carrier by using 
a different orthogonal code for each de?ned subchannel 300. 
As mentioned above, subchannels 300 are allocated only 

as needed. For example, multiple subchannels 300 are 
granted during times When a particular ISDN subscriber unit 
101 is requesting that large amounts of data be transferred. 
These subchannels 300 are quickly released during times 
When the subscriber unit 101 is relatively lightly loaded. 

The present invention relates in particular to maintaining 
the reverse link so that synchroniZation of the subchannels 
does not need to be reestablished each time that channels are 
taken aWay and then granted back. 

FIG. 3 is a diagram illustrating the arrangement of hoW 
the subchannels are assigned on the reverse link. It is 
desirable to use a single radio carrier signal on the reverse 
link to the extent possible to conserve poWer as Well as to 
conserve the receiver resources Which must be made avail 
able at the base station. Therefore, a single 1.2288 MHZ 
band 350 is selected out of the available radio spectrum. 

A relatively large number, N, such as 1000 individual 
subscriber units are then supported by using a single long 
pseudonoise (PN) code in a particular Way. First, a number, 
p, of code phases are selected from the available 242-1 
different code phases. The p code phase shifts are then used 
to provide p subchannels. Next, each of the p subchannels 
are further divided into s time slots. Therefore, the maximum 
supportable number of supportable subscriber units, N, is p 
times s. Use of the same PN code With different phases and 
time slots provides many different subchannels With permits 
using a single rake receiver in the base station 104. 

In the above mentioned channel allocation scheme, radio 
resources are expected to be allocated on an as-needed basis. 
HoWever, consideration must also be given to the fact that 
normally, in order set up a neW CDMA channel, a given 
reverse link channel must be given time to acquire code 
phase lock at the receiver. The present invention avoids the 
need to Wait for each channel to acquire code phase lock 
each time that it is set up by several mechanisms Which are 
describe more fully beloW. In general, the technique is to 
send a maintenance signal at a rate Which is suf?cient to 
maintain code phase lock for each subchannel even in the 
absence of data. 

The objective here is to minimiZe the siZe of each time 
slot, Which in turn maximiZes the number of subscribers that 
can be maintained in an idle mode. The siZe, t, of each time 
slot is determined by the minimum time that it takes to 
guarantee phase lock betWeen the transmitter at the sub 
scriber unit and the receiver in the base station. In particular, 
a code correlator in the receiver must receive a maintenance 
or “heartbeat” signal consisting of at least a certain number 
of maintenance bits over a certain unit of time. In the limit, 
this heartbeat signal is sent by sending at least one bit from 
each subscriber unit on each reverse link at a predetermined 
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8 
time, e.g., its designated time slot on a predetermined one of 
the N subchannels. 

The minimum time slot duration, t, therefore depends 
upon a number of factors including the signal to noise ratio 
and the expected maximum velocity of the subscriber unit 
Within the cell. With respect to signal to noise ratio, this 
depends on 

Where Eb is the energy per bit, No is the ambient noise ?oor, 
and I0 is the mutual interference from other coded trans 
missions of the other sub-channels on the reverse link 
sharing the same spectrum. Typically, to close the link 
requires integration over 8 chip times at the receiver, and a 
multiple of 20 times that is typically needed to guarantee 
detection. Therefore, about 160 chip times are typically 
required to correctly receive the coded signal on the reverse 
link. For a 1.2288 MHZ code, Tc, the chip time, is 813.33 ns, 
so that this minimum integration time is about 130 us. This 
in turn sets the absolute minimum duration of a data bit, and 
therefore, the minimum duration of a slot time, t. The 
minimum slot time of 130 ps means that at a maximum, 
7692 time slots can be made available per second for each 
phase coded signal. 

To be consistent With certain poWer control group timing 
requirements, the time slot duration can be relaxed some 
What. For example, in the 15-95 standard, a poWer control 
group timing requirement requires a poWer output sample 
from each subscriber unit every 1.25 ms. Even in such an 
implementation, approximately 1.25 ms/130 us, or at least 
961 time slots can be made available on each code phase 
carrier. 

Once code phase lock is acquired, the duration of the 
heartbeat signal is determined by considering the capture or 
locking range of the code phase locking circuits in the 
receiver at the base station. For example, the receiver 
typically has a PN code correlator running at the code chip 
rate. One example of such a code correlator uses a delay lock 
loop consisting of an early-late detector. A loop ?lter con 
trols the bandWidth of this loop Which in turn determines 
hoW long the code correlator must be alloWed to operate 
before it can guarantee phase lock. This loop time constant 
determines the amount of “jitter” that can be tolerated in the 
code correlator, such as about Vs of a chip time, Tc. 

In the preferred embodiment, the system 100 is intended 
to support so-called nomadic mobility. That is, high mobility 
operation Within moving vehicles typical of cellular tele 
phony is not expected to be necessary. Rather, the typical 
user of a portable computer Who is active is moving at only 
brisk Walking speeds of about 4.5 miles per hour (MPH). At 
4.5 MPH, corresponding to a velocity of 6.6 feet per second, 
a user Will move 101 feet in Vs of the 1/1.2288 MHZ chip 
time (Tc). Therefore, it Will take about 101 feet divided by 
6.6 feet, or about 15 seconds for such a user to move distance 
Which is suf?ciently far for him to a point Where the code 
phase synchroniZation loop cannot be guaranteed to remain 
locked. Therefore, as long as a complete synchroniZation 
signal is sent for a given reverse link channel every 15 
seconds, the reverse link loop Will therefore remain in lock. 

FIG. 4 is a state diagram for a reverse link bandWidth 
management function in the subscriber unit. In an idle mode 
400, a ?rst state 401 is entered in Which the subscriber unit 
receives a time slot assignment for its idle or fundamental 
channel in the form of a phase code, p, and a time slot, s. 

In a next state 402, the heartbeat signal is sent in the 
assigned time slots. A state 403 is then entered in Which the 
subscriber unit monitors its internal data buffers to deter 
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mine Whether additional code phase channels are required to 
support the establishment of a reverse link With suf?cient 
bandWidth to support and active traf?c channel. If this is not 
the case, then the subscriber returns to state 402 and remains 
in the idle mode 400. 

If, hoWever, the subscriber unit does have data to be sent, 
then the active mode 450 is entered. In the ?rst state 451 of 
this mode, if neW code phase channels are required, then 
neW code phases are calculated in state 452. Speci?cally, the 
subscriber unit knoWs that it is assigned code phase channels 
in a predetermined relationship to the code phase channel of 
its fundamental channel, i.e., 

Where Pn+1 is the code phase for the neW channel (n+1), and 
P0 is the code phase assigned to the fundamental channel for 
the particular subscriber. Such a code phase relationship i”; 
may be, for eXample, to select uniformly from the available 
242 codes, every 24z/2lo‘th or every 232‘th code phase in a 
system Which is supporting 1024 (210) reverse links. 
A number, C, of these neW code phases are therefore 

instantaneously calculated based simply upon the number of 
additional code phase channels, and Without the need to 
require code phase synchroniZation for each neW channel. 

In a neXt state 453, the subscriber unit begins transmitting 
its data on its assigned code phase channels. In state 454, it 
continues to monitor its internal data buffers and its asso 
ciated forWard access channel to determine When to return to 
the idle mode 400, to state 451, to determine if neW code 
phase channels must be assigned, or to state 455, Where they 
are deallocated. 

FIG. 5 is a state diagram of idle mode processing in the 
reverse link management function in the base station 104. In 
a ?rst state 501, for each idle subscriber unit 101, a state 502 
is entered in Which a stored state of the correlators for the 
present time slot (p,s) from a previous synchroniZation 
session is read. In a neXt state 503, an early-late correlator 
is retrained for the time slot duration, t. In a neXt state 504, 
the correlator state is stored; in state 505, the loop is 
continued for each subscriber. 

While this invention has been particularly shoWn and 
described With references to preferred embodiments thereof, 
it Will be understood by those skilled in the art that various 
changes in form and details may be made therein Without 
departing from the scope of the invention encompassed by 
the appended claims. 
What is claimed is: 
1. A method for communication of data betWeen a base 

station and multiple subscriber units over one or more 
CDMA communication channels, the method comprising: 

providing a plurality of subchannels Within each of at 
least one CDMA channel; 

assigning subchannels for communication betWeen the 
base station and subscriber units on an as-needed basis; 
and 

maintaining a synchroniZing idle mode connection 
betWeen at least one subscriber unit and the base 
station, Wherein the step of maintaining an idle mode 
connection further comprises: 
analyZing a signal received form a subscriber unit at the 

base station and detecting Whether a corresponding 
message from a subscriber unit is early or late; and 

in response thereto, transmitting a timing alignment 
correction message on a predetermined channel to 
the corresponding subscriber unit in the idle mode to 
achieve synchroniZation With the base station. 
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2. A method for communication of data as described in 

claim 1 Wherein the at least one CDMA channel is de?ned 
by long pseudo-random noise (PN) codes. 

3. A method for communication of data as described in 
claim 1 Wherein an idle mode connection is maintained if no 
subchannels are assigned for data transfers betWeen a par 
ticular subscriber unit and the base station. 

4. A method for communication of data as described in 
claim 1 Wherein a data rate of a subchannel is less than a 
nominal communication data rate betWeen the base station 
and a subscriber unit. 

5. A method for communication of data as described in 
claim 1 Wherein subchannels are de?ned by orthogonal 
codes on a single radio frequency carrier. 

6. A method for communication of data as described in 
claim 1 Wherein subchannels are de?ned by code phases. 

7. A method for communication of data as described in 
claim 1 Wherein the idle mode connection is maintained 
using a heartbeat signal. 

8. A method of data as described in claim 7 Wherein the 
data rate of the heartbeat signal is from about 37 to 80 bps. 

9. A method for communication of data as described in 
claim 1 Wherein the predetermined channel is divided into 
time slots, and a subscriber unit is assigned at least one of 
the time slots for receiving timing adjustment messages. 

10. A method for communication of data as described in 
claim 9 further including the step of: 

determining a minimum possible time slot duration based 
upon a detected signal to noise ratio on a corresponding 
CDMA channel; and 

de?ning a time slot duration in the predetermined channel 
based upon the determined minimum possible time slot 
duration. 

11. A method for communication of data as described in 
claim 1 further comprising the step of: 

detecting a need for a higher data rate on a link betWeen 
the base station and a subscriber unit and assigning 
additional subchannels to provides support for the 
higher data rate. 

12. A method for communication of data as described in 
claim 11 Wherein the additional subchannels are related to an 
originally assigned code phase. 

13. A method for managing data transmissions betWeen a 
base station and a plurality of ?eld units in a Wireless CDMA 
communication system comprising: 

reserving at least one channel having an estimated band 
Width for Wireless communications, the at least one 
channel being de?ned by pseudo-random noise codes; 

dividing the at least one channel to include multiple data 
channels, each data channel having a bandWidth that is 
less than the estimated bandWidth, the data channels 
being de?ned by phases of corresponding pseudo 
random noise codes; 

assigning the data channels among selected ?eld units for 
data transmissions betWeen the ?eld units and the base 
station; and 

maintaining synchroniZation betWeen the base station and 
?eld units not assigned data channels, Wherein multiple 
data channels are assigned for data transfers betWeen 
the base station and a particular ?eld unit, Wherein the 
assigned data channels are derived from a common 
channel. 

14. A method for managing data transmissions as 
described in claim 13 Wherein the at least one channel is 
de?ned by a pseudo-random noise code. 

15. A method for managing data transmissions as 
described in claim 13 Wherein the at least one channel is 
de?ned by a long pseudo-random noise code. 
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16. A method for managing data transmissions as 
described in claim 13 Wherein the data channels are de?ned 
by short pseudo-random noise (PN) codes. 

17. A method for managing data transmissions as 
described in claim 13 Wherein the at least one channel is 
de?ned by a short pseudo-random noise code. 

18. A method for managing data transmissions as 
described in claim 13 Wherein the data channels are de?ned 
by orthogonal pseudo-random noise codes. 

19. A method for managing data transmissions as 
described in claim 13 Wherein the at least one channel is 
divided to include at least one maintenance channel for 
synchroniZing ?eld units not assigned data channels. 

20. A method for managing data transmissions as 
described in claim 13 Wherein the at least one maintenance 
channel includes a heartbeat channel. 

21. A method for managing data transmissions betWeen a 
base station and a plurality of ?eld units in a Wireless CDMA 
communication system comprising: 

reserving at least one channel having an estimated band 
Width for Wireless communications, the at least one 
channel being de?ned by pseudo-random noise codes; 

dividing the at least one channel to include multiple data 
channels, each data channel having a bandWidth that is 
less than the estimated bandWidth, the data channels 
being de?ned by phases of corresponding pseudo 
random noise codes; 

assigning the data channels among selected ?eld units for 
data transmissions betWeen the ?eld units and base 
station; 

maintaining synchroniZation betWeen the base station and 
?eld units not assigned data channels; 

detecting a need to transmit at a higher data transfer rate 
betWeen the base station and a particular ?eld unit; and 

assigning additional data channels for transmitting data at 
the higher data rate, Wherein the additional channels are 
related to previously assigned channels based on a 
common channel. 

22. A method for managing data transmissions as 
described in claim 21 Wherein the additional channels are 
data channels having different code phases of the at least one 
channel. 

23. Amethod of supporting variable rate data transfers on 
communication links betWeen a base station and each of a 
plurality of ?eld units in a Wireless CDMA communication 
system, the method comprising: 

estimating a maXimum bandWidth of at least one channel 
based on an acceptable bit error rate, Wherein an 
available bandWidth is determined; 

dividing the available bandWidth for data transfers on the 
communication links, Wherein a greater portion of 
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available bandWidth is assigned to links requiring 
higher data transfer rates; and 

allocating a portion of the available bandWidth for main 
taining synchroniZing links betWeen the base station 
and subscriber units not actively transmitting data, 
Wherein the step of allocating a portion of the available 
bandWidth for maintaining synchronous communica 
tion links further comprises: 

providing a channel divided into time slots, Wherein a 
time slot is assigned to a communication link not 
actively supporting data transmissions. 

24. A method of supporting variable rate data transfers as 
described in claim 23, Wherein the available bandWidth is 
divided into a plurality of channels, each channel capable of 
supporting data transfers at a prede?ned data rate. 

25. A method of supporting variable rate data transfers as 
described in claim 23 further comprising the steps of: 

detecting a need for a higher data transfer rate on a 
communication link; and 

in response, allocating a larger portion of the available 
bandWidth for a data transfer betWeen the base station 
and corresponding subscriber unit. 

26. A method of supporting variable rate data transfers as 
described in claim 23 further including the steps of: 

estimating a minimum possible time slot duration based 
on a detected signal to noise ratio of the at least one 

channel; and 
de?ning a time slot duration greater than the minimum 

possible time slot duration. 
27. A method of supporting variable rate data transfers as 

described in claim 26, Wherein each of the plurality of 
channels is capable of supporting an approximately equal 
data rate. 

28. A method of supporting variable rate data transfers as 
described in claim 26, Wherein a portion of the available 
bandWidth is allocated to support a heartbeat channel. 

29. A method of supporting variable rate data transfers as 
described in claim 26 Wherein the channels are de?ned by 
pseudo-random noise codes. 

30. A method of supporting variable rate data transfers as 
described in claims 26 Wherein the channels are de?ned by 
orthogonal codes. 

31. A method of supporting variable rate data transfers as 
described in claim 23 Wherein the channels are de?ned by 
code phases. 

32. A method of supporting variable rate data transfers as 
described in claim 31 Wherein multiple channels assigned to 
a communication link have common code phases. 

* * * * * 
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